The recent discovery of two large trans-Neptunian objects (TNOs) 2003 UB 313 and 2005 FY 9 , with surface properties similar to those of Pluto, provides an exciting new laboratory for the study of processes considered for Pluto and Triton: volatile mixing and transport; atmospheric freeze-out and escape, ice chemistry, and nitrogen phase transitions.
Introduction
The trans-Neptunian region is populated by icy bodies (TNOs), remnant planetesimals from the early solar system formation stages (Edgeworth (1949) ; Kuiper (1951) ). TNOs are the source of the short period comets (Fernández (1980) ) and are probably the most pristine objects in the Solar System. The low temperatures in this region (∼40K), implies that ices trapped at formation should be preserved and can provide key information on the composition and early conditions of the pre-solar nebula.
The recent discovery of three very bright TNOs, 2003 EL 61 (Ortiz et al. (2005) ), 2003 UB 313 and 2005 FY 9 (Brown et al. (2005a) , (2005b)) provides an excellent opportunity to obtain spectra of TNOs with sufficient S/N to obtain reliable mineralogical information of their surfaces.
The spectra of three of the four largest members of the trans-neptunian belt, 2003 UB 313 , Pluto, and 2005 FY 9 are dominated by strong methane ice absorption bands , Brown et al. (2005a) , Licandro et al. (2006) ) Pluto also presents weak but unambiguous signatures of CO and N 2 -ice (e.g. Cruikshank (1998) ). These bands are also detected in the spectrum of Neptune's satellite Triton ), a possibly captured ex-TNO. The presence of frozen methane on the surfaces of Pluto, Triton, 2005 UB313 and 2005 FY 9 argues that the process suggested by Spencer et al. ((1997) ) in which surface methane is replenished from the interior, may be ubiquitous in large trans-neptunian objects. 2005 FY 9 and 2003 UB 313 provide an exciting new laboratory for the study of processes considered for Pluto and Triton: volatile mixing and transport; atmospheric freeze-out and escape, ice chemistry, and nitrogen phase transitions. In particular the abundance of volatiles like CO and N 2 is important to determine the possible presence of a bound atmosphere and constrain the formation conditions. TNO 2005 UB 313 is the largest known object in the trans-neptunian belt, with a surface albedo higher than that of Pluto (2400+/-100 km or a size ∼5% larger than Pluto, and p V =86 ±7 %, Brown et al. (2006) ). Discovered near aphelion at 97.50 AU, it will take some 2 centuries to -4 -reach its perihelion at 38.2 AU. This huge variation in heliocentric distance causes large seasonal temperature variations that should affect the sublimation and recondensation of its surface volatiles.
In this paper we present visible spectroscopy of 2005 UB 313 and compare it with spectra of Pluto and 2005 FY 9 (Licandro et al. (2006) ) in order to derive mineralogical information from its surface.
Observations
We The visible spectrum (0.35-0.95µm) was obtained using the low resolution gratings (R300B in the blue arm, with a dispersion of 0.86Å/pixel, and the R158R with a dispersion of 1.63 Å/pixel) of the double-armed spectrograph ISIS at WHT, and a 2" wide slit oriented at the parallactic angle to minimize the spectral effects of atmospheric dispersion. The tracking was at the TNO proper motion. Six 600s spectra were obtained by shifting the object by 10" in the slit to better correct the fringing. Calibration and extraction of the spectra were done using IRAF and following standard procedures (Massey et al. (1992) ). The six spectra of the TNO were averaged.
The reflectance spectrum was obtained by dividing the spectrum of the TNO by the spectrum of the G2 star Landolt (SA) 93-101 (Landolt (1992) ) obtained the same night just before and after the observation of the TNO at a similar airmass.
The final reflectance spectrum, normalized at 0.6 µm is plotted in Fig. 1 Grundy et al. ((2002) ), even the weaker ones, and a slightly red slope, and it is very similar to the spectrum of Pluto and 2005 FY 9 .
Discussion
The depth of the CH 4 ice absorption bands depends on its abundance, texture, and/or the thickness of the methane-rich surface layer. Licandro et al. ((2006) In order to illustrate and give support to the previous discussion, spectra of methane ice grains of different size were produced using the one-dimensional geometrical-optics formulation by Shkuratov et al. ((1999) ) and the optical constants of CH 4 ice from Grundy et al. (2002) , and is not as good as that of the 0.73µm one. In particular, the center of the 0.89µm band is clearly shifter to shorter wavelengths relative to the modeled pure CH 4 ice spectrum.
The shift of the CH 4 ice absorption bands relative to the wavelengths of pure methane ice absorption bands is another very important property as can be indicative of dilution of CH 4 in -7 -N 2 ice. Pluto's CH 4 bands are seen to be partially shifted to shorter wavelengths relative to the wavelengths of pure methane ice absorption bands, indicating that at least some of the methane ice on Pluto's surface is diluted in N 2 (Quirico et al. (1997) , Schmitt et al. (1998) , Douté et al. (1999) ).
Central wavelengths of the two deeper methane ice bands in the visible spectrum of 2003 UB 313 were obtained by fitting a gaussian around the bands, and are presented in Table 1 . While the 3ν 1 + 4ν 4 band is centered at 7296 Å, very close to the laboratory data, the 2ν 1 + ν 3 + 2ν 4
is at 8881 Å shifted by 16 Å from the position of pure methane ice. To verify the wavelength callibration of the spectrum, we measured the position of the bright sky lines, and the uncertainties are smaller than 1 Å. As the method used to determine the central wavelengths by fitting gaussians depends on the spectral region considered around the minimum, we also obtained the shifts by an auto-correlation against the model spectrum of pure CH 4 in the spectral regions shown in Fig. 2 . The band at 0.89 µm presents another characteristic that supports the detection of CH 4 diluted in N 2 ice. In Fig. 3 we present the spectrum around the band and the spectrum of pure CO and N 2 ices have indisputably detected in Pluto's spectrum (Owen et al. (1993) ). The hexagonal β phase of N 2 ice was detected by means of its 2.15 µm absorption band and CO ice was detected by means of a pair of narrow bands at 2.35 and 1.58 µm. The spectral S/N of the spectrum of 2003 UB 313 (Brown et al. (2005c) ) is not sufficient to see the CO absorptions. The N 2 band would also be difficult to detect, even if N 2 were a major component of the surface of 2003 UB 313 , because the nitrogen absorption has about a factor of a thousand smaller peak absorption coefficient than that of the nearby CH 4 band at 2.2 µm, which dominates that spectral region. It is also possible that surface temperatures on 2003 UB 313 might be below the 35.6 K transition temperature between the warmer β phase of N 2 ice, and the colder, cubic α phase of N 2 ice, which has an extremely narrow 2.15 µm absorption, which would be unresolved in Brown et al.
( (2005c)) data (e.g., Grundy et al. (1993) ). Future, higher spectral resolution observations will put more constraints on the presence of N 2 and CO ice on the surface of 2003 UB 313 .
-9 -A final important characteristic of the spectrum is its colour. The surface of 2003 UB 313 is slightly red. To compare with Pluto we computed the ratio of the reflectance spectrum at 0.825 and 0.590 µm as in Grundy & Fink ((1996) ). The value of this ratio is 1.10, and corresponds to a spectral slope S'=4 %/1000Å. Pluto and 2005 FY 9 present a slightly redder spectrum, with a ratio of 1.20 and 1.21 respectively (S'=8.8 and 8.9 %/1000Å, Licandro et al. (2006)) . The most accepted hypothesis to explain the red colour of Pluto is the existence of complex organics molecules (tholins) formed from simple organics by photolysis (e.g. Khare et al. (1984) 
Conclusions
We (Grundy & Fink (1996) ) and the spectrum 2005 FY 9 (Licandro et al. Laboratory data from Grundy et al. (2002) , Pluto data (with uncertainties ∼10Å) from Grundy & Fink (1996) , 2005 FY 9 data (with uncertainties ∼4Å) from Licandro et al. (2006) . 
